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Abstract

Aluminum-based silicon carbide has high wear resistance, low weight, high strength, high stiffness,
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low expansion coefficient, high thermal conductivity and other advanced mechanical properties. It
is widely used in automobile, railway, aerospace and other industries. The main limitation of the
application of this material is the difficulty of processing, which leads to low yield and high
processing cost. This study aims to explore the optimal milling parameters of metal composites in
precision milling. The orthogonal test method was used to select the spindle speed, feed speed and
cutting depth as independent variables. The aluminum-based silicon carbide milling test was carried
out in the DMC 650 V vertical machining center of Demaggie, and the corresponding test data were
obtained. The influence of spindle speed, feed speed and cutting depth on the milling force was ob-
tained by factor level analysis. The results show that the order of influence on the milling force is:
cutting depth, feed speed and spindle speed. The milling force equation was fitted. The NSGA_II multi-
objective optimization algorithm was used to calculate the cutting depth of 0.1 mm and the feed
speed of 50 mm/min. The milling quality is the best when the spindle speed is 1500 r/min.
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1. 51§

AL REROR S AR IR B S M RN SICp/ AV B AR mtbiia . tssfE. W B s St s, &
ARG R EERFEZAR1], IR T 2, R B SUSHRFERE S 5ET Ik 2] [3].
FH T B AR (STC) MU R P52 FATE 5 14, XSS AR BIE ID (220 BEml. 4590 BReum ), JIEAEDIH
SR ELTE, SECEA, MLRAR, BIZ R DN TR R, X — KR =S T
ZHIE R RSB E AR, BIRAE 410 BRS8N TH#AE, KB SR rm THEAR,
EEATRARE, X T ERERE, @AM RMOTER, HUINTAIR S H: i 1) — > 5 EE A G 77
I SiCp/Al EEM BRI T E N — N EH EEMTF R RS EHE2HarAak, EEE X 8EHIE W)
ML BIVTHI AR IR TTARR I 2B AT 7L, WRAM I TR, &EE-aEME iz
N AN AT BER o

LR, ATH SiCp/Al AR TRHT 7 REMIT, KGRI /A R
BRI HIE R R R (6] [7] [8]. B HEHNXIEHIT 1 SiC MURIG S 2 SRR T 72 % ik, 1331
T BRAR )L B AN 2 AR BE B DA S R AL, HER T A SiC BRI R AR FE B SRR DI S T R
LI, Ravinder Kumar /5T 1 U 135 B RN E 25 3 B X b 5 ) AR TR RS I sem, @S 7 N LA
2R AN S50 55 BT 3 A &5 S B b 465 T R A 1 2 T AEDRE 2 P 2 i K T~ DI M FE[9] . DiazOG BF7T
RIL, IENAR BERN G253 FE e 38 v] DA R BRI 1), SR ARt e/ 1 7 BRI A (et 1], w752 LA
RIMPTE[10]. HATHIBEF K Z L HPAE SiCp/Al A BRI T E, HA 3wk 800 T 20%. HeHl
I SiCp/Al AR 5 —Fp E BN T 0735, AHAG RBEHIRFERT SiCp/Al &2 &4 BHE 2 m A 75D o

AR T RAZN S um ARF BN 20% 1) SiCp/Al R & FHRHERE 5T 6 4 T B AR B8 HIE R M
BATIEACIAES, K =R GEMEE . AT £ VIHNREE a,) /K FIEAC IR . 18I0 HoE ik
TR R A28, AT DA HEEAE R R SEEeE F, AS[RI ) SEaeda br B e A 2= (1 A28 2l 7= AR 1 S 56 4
PRI S, AR T LIRS . il Stk A H TR BEH 7172, SR NSGA I £
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HErtAb S, CUERHI 1IN AR S RIE S AEVTBIERE N 0.1 mm, #4553 E 4 50 mm/min,
T HhEEE N 1500 v/min, BRI EAL, BRERERESZFEREIIN TR, BIRTAREHREE . 23645 Bt m
M. BRENLEREESGMEEREERE Y.
2. IR
2.1. TH#HR

TAHMBEARTR 7380 20% 48R 3L 6 AL IE, SiC RO PYRIE N 5 ume TR ) : 70 mm x 150 mm

X 3 mmo
22. NI EFUARMITIA

R R AL A BRI SEAR I TS E DMC 650V SEAMN TG HFfE, &b Tt =R iH 14,000 rpm/
% 121 Nm, PRFEHEEF 36 m/min, SK50 F4h 4% 303 Nm.

TEARFE R AL A A I Tt R, JE 3 Kistler Jy A& AR BEAT 52 7115 5 R4, F T8 7) BB 4T
JIEALF YG6X Mk s4k 7] .
3. RS RMERIH
3.0. REAR

K FH TEAZ S0 6 K PR P Mg/ S B8 VR I HUBBE ) F1BE 5200 K 2 1 AR S L R G R L HE R o
KH YGOX B kAT 2 R F IEACBEHISELG, 1@ e l, A RDIHIRE 3 MAZER, AR
4 DK, RSO E = gk El f. BB SEARUKFRBE IS 1 s, Bl ORERE IR RS E .
BRI AR 2 Fros.

Table 1. Milling parameter settings
= 1. BHSHRRE

B Hil K HELA ¥ mm/min YIHIRE mm FE %L E r/min
K 50 0.05 1000
KRR 100 0.1 1500
W EAKF 150 0.15 2000
K 200 0.2 2500

Bt 7] :

RTINS
T ﬁﬁT%ﬁ
313
THENATYIE] 1A
PR

Figure 1. Milling force measurement system diagram
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Figure 2. Milling process of alu-
minum-based silicon carbide

B 2. BEBREGRIEE

3.2. WEERS S

3, J 4 2RI B SRR EIR L [ 5 ASeas IR YGOX Bt IS HI 1 BIE I R i ok i,
MR LA HBE A 0 2 15l AE DR 0 A BE R 0 BN BRSO R R E )N BEE) I E S R L 2.
I YITEDY 12 mm, XTBEHI 04 E BN R ROk L FEMYIER . A Matlab BEXE 4 2 1 1E
LSRR HEAT AL, AT AR BIDTHIZHOG Bl s m ok R 2, Wl o, 181 7 AE 8 Pos. tilA 4
A, YGeX B TIUTHIRR 34 20% IR FEBRAL LIS VIR 73 ) i K T4 5y 1 F BV s
ZAIAI AR R A BRI o P AER MG EZ R AE T HEE SiC $EsmMR g 2, RS Sk
U 5 B 14 38 DR B K T-ih s BE (R 3G ORI e, H. YGOX BETIA 5 BB AR B R (K 70 11, S A 45 0 L
BEI BV EN “ikT]” BIR, KT TR AR )RR A B 7.

Table 2. Milling parameters orthogonal experimental record table

2. BHSBIERIWIERE

1 0.1 100 2000 80 58.2669 61.3124 121.9321 0.045
2 0.05 100 1000 80 31.5350 64.7157 128.9898 0.042
3 0.05 200 2000 80 46.4919 57.4039 97.7304 0.049
4 0.1 150 2500 80 72.2371 773177 161.2187 0.035
5 0.05 150 1500 80 71.1521 107.0600  243.6285 0.048
6 0.15 50 2000 80 132.9367 1043177  359.1225 0.033
7 0.05 50 2500 80 70.2090 61.3050 237.1909 0.032
8 0.2 50 1000 80 230.5713 169.3155  520.1776 0.030
9 0.2 150 2000 80 182.8087 159.2120  382.0979 0.045
10 0.1 50 1500 80 2243668  205.4869  511.1986 0.028
11 0.1 200 1000 80 97.3480 1493072 371.0335 0.095
12 0.2 200 1500 80 131.2999 165.9316  429.5880 0.072
13 0.2 100 2500 80 134.2565 143.8779  370.2545 0.065
14 0.15 150 1000 80 128.2050 168.7899  372.0854 0.061
15 0.15 200 2500 80 123.0392  273.3855  558.5288 0.055
16 0.15 100 1500 80 272.77955 212.8589  716.7301 0.040
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Figure 3. The first group of original signal diagram
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Figure 4. Original signal diagram
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Figure 5. The local amplification diagram of the original signal
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Figure 6. The influence of spindle speed on milling
force
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VIR B X gl A 5o . XHF YGoX 8], VIHIAEE 0.2 mm K, Z [\ Ay ok, me T Yyl
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Figure 7. The influence of feed rate on milling force
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Figure 8. The influence of cutting depth on milling
force
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(1)
b n NEREHE, fRIFGHETEE, a, ZVIHIRE.
FF1H 5, X L a2 [ e Ot 2
InF=InK+bInn+b,Inf+bne, 2
faift.:
y=b, +bx, +bx, +bx, 3)
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EEMKTF: 0.0026
B RBEGEE N 95%K) B A X [A]

X X[
R 4.1513 14.1257
A1 0.4751 1.2785
22 -0.7106 0.0929
2303 —0.7567 0.4642
Y il
y, =8.0470+0.6670c,, +0.0903 f —0.2970n 6)
BHI5E: 0.0181
B RBBEEEN 5% MBS XE:
X FIX[A]
R 3.1364 12.9576
FH01 0.2715 1.0626
2302 —0.3053 0.4858
303 —-0.8981 0.3041
Z 71
v, =10.4150+0.7776ap —-0.1892f -0.2840n 7
WEMKFE: 0.0197
HRBEEEN 5% EEXE:
L IX ] XA
R 4.5783 16.2518
21 0.3074 1.2477
2402 ~0.6594 0.2809
43 ~0.9985 0.4305
Fx — 93806.8“28768/{—0.3089”—0.1462
0.6670 ,~0.0903 _-0.2970
F, =3124.4a)%" f*%%y ®)
sz — 33356.0a2.7776f—0.1892n—0.2840
FRYELBrn T, =N EZ) K0
0.05 mm < a, <0.2 mm
50 mm/min < f <200 mm/min
1000 r/min < a, <2500 r/min
A A
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i NSGA 11 % Hbsffesisk, DAREI &I Hbx, JFHARBUIN LRAR B MIESE: o,=0.1

mm, f=50mm/min, 7= 1500 r/min.
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